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ABSTRACT

This review article explores the wide range of currently available antiviral treatment options and
newly developed strategies to combat viral illnesses. The authors emphasize that viruses are infectious
agents that rely on host cells for reproduction and dissemination, and that the complex structures and
transmission methods of different viruses must be taken into account when developing treatment plans.
The article also highlights the significant global health and economic costs associated with viral infec-
tions, including the high mortality rates of many viral illnesses. The authors provide detailed descriptions
of key antiviral drug classes and their mechanisms of action, including direct-acting antivirals, interfer-
ons, and ribavirin analogs. In addition to these established therapies, the review highlights newly devel-
oped strategies for treating viral illnesses that aim to target the host immune system or disrupt viral rep-
lication more effectively. These include the use of fusion inhibitors, CRISPR/Cas9 gene editing technology,
and small interfering RNA molecules, among others. Overall, this review provides a comprehensive guide
to the current options for treating viral infections, and will be of value to healthcare professionals and
researchers working in the field of infectious disease.
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INTRODUCTION

A virus is an infectious agent that requires a host cell to reproduce and carry out its life cycle and
dissemination. The genome of a virus is made up of DNA or RNA surrounded by a capsid composed of
proteins. Although some viruses contain a lipid envelope around the protein capsid. After entering the
host cell, the viral genome manipulates the host cell machinery for protein synthesis, genomic replication,
and virus assembly. The new virions released upon lysis of the host cell can interact with other cells and
cause further infection. Viruses have varying structures, genetic materials, and modes of transmission, all
of which are crucial in understanding how they cause disease and devising therapies for their treatment
[1,2].

Emerging viral illnesses most often caused by mutated strains of existing viruses, and re-emergence
of previously existing viruses have led to enormous health and economic burdens on human life [3].
Infectious diseases are responsible for 20% of global mortality, additionally viral illnesses have given rise
to 70% of these deaths [4,5]. During 20th century, there have been epidemics in which many people have
died because of some diseases caused by viruses; for example, estimated 50 million people have died due
to the HIN1 influenza strain in 1918 worldwide [3]. 35 Million people have died because of acquired
immunodeficiency syndrome (AIDS) caused by human immunodeficiency virus (HIV) since 1981 [6,7].
Severe acute respiratory syndrome (SARS) emerged in 2003 has caused 8098 infections and 774 of these
were reported to have died in the World [8]. After that, Middle East respiratory syndrome (MERS)
emerged first in 2012 in Saudi Arabia and has a mortality rate of 35%, approximately [9]. Ebola infections
were first appeared in 1976 and the average Ebola case fatality rate is around 50% [10]. Zika virus (ZKV)
infections was first identified in Uganda in 1947. Between 1960 and 1980, sporadic human infections
were defined across Africa and Asia but, since 2007 epidemics of ZKV disease have been recorded in
Africa, the Americas, and the Pacific. This infection is associated with Guillain-Barré syndrome,
neuropathy and myelitis in adults and children. Additionally, a causal link between ZKV and congenital
malformations was confirmed in 2016 [11]. Lastly, the coronavirus disease 2019 (COVID-19) pandemic
caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) started in December 2019 and
reached 768 million confirmed cases of COVID-19 with 6,953 million deaths worldwide as of 31 July 2023
[12]. Therefore, the discovery of antiviral drugs against viral diseases that seriously threatens human
health has always been a field of interest for researchers. The development of antiviral drugs begun in the
1960’s and the approval of iodine as the first antiviral drug in June 1963 was a groundbreaking event in
antiviral drug research [13,14]. Between 1963 and 2016, we had an arsenal of more than 90 antiviral
drugs including over 20 anti-Hepatitis C virus drugs and 40 anti-HIV drugs [13]. In the last 30 years,
significant improvements have been succeeded, especially in the development of antiretroviral and
against hepatit C virus (HCV) drugs [15]. Most available antiviral drugs specifically target viral enzymes
and they have some important advantages such as a clear target, high specifity levels, and strong activity
as well as some disadvantages such as a limited antiviral spectrum and drug resistance [16]. Now, the use
of combinations of antiviral drugs and vaccines is the most common strategy for the prevention and
treatment of human viral infections [4,17]. Nevertheless, the increase in drug-resistant virus strains is a
serious problem [18]. Additionally, current vaccines are useless against mutated or novel viruses [19].

Vaccines are a substantial and effective tool against viral infections. However, the vaccine develop-
ment is a long way which can be got hard by viral genome mutations [20].

Drug repurposing provides available or previously approved drugs as new drugs for new clinical
indications. Drug repurposing processes can be worked rapidly owing to approved drug compound li-
braries [21]. These drugs have some advantages so that they can be applied directly to clinical trials or
potentially used as emergency treatment [20].

The use of two or more drugs together for the treatment of a disease is known as ‘combination
therapy’. Drug combinations can cause adverse effects due to drug-drug interactions. On the other hand,
cautious use has some advantages. This therapy can simplify targeting multiple pathways to support drug
synergy. Thus, useful effects arise. Synergistic drug combinations result in lower individual drug doses.
Eventually, patient tolerability rises and drug toxicities decrease [22]. Combination therapy also has the
advantage of suppressing or delaying the onset of drug resistance, which is frequently observed in many
diseases. Combination therapy has become the standard-of-care treatment for chronic viral diseases
caused by HIV and HCV, anymore. This therapy mode does not always cure the disease. However, it can
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significantly improve quality of life and prolong life by increasing therapeutic efficacy and preventing
drug resistance. Experience to data from treatments for severe and chronic viral disease reveals that
combination therapies including two to three medications would be beneficial in the treatment of emerg-
ing infectious diseases such as COVID-19 [20].

In this paper, we consider available antiviral drugs, highlighting strategies and targets for antiviral drug
discovery as well as drug combination therapy for current and emerging viral diseases.

Antiviral Drugs

Antiviral drugs are agents used against diseases caused by viruses. Now, we have an arsenal of 179
antiviral drugs. Currently, 4.4% of 4051 approved drugs are antiviral agents but, 10 of 88 have been
withdrawn by virtue of side effects [23,24]. Antiviral drugs consist of small molecules, peptides,
neutralizing antibodies, interferons (IFNs), Crispr-Cas systems, si/shRNAs, and other nucleic acid
polymers (NAPs) [25-30]. Of these, IFNs are host-directed biologics; neutralizing antibodies, peptides,
NAPs, and Crispr/Cas are used as virus-directed interventions, primarily. On the other hand, small mole-
cule antiviral agents can be either virus- or host-directed drugs. Antiviral drugs can target the virus and
the host. Virus-targeting antiviral agents target viral proteins, viral nucleic acids or lipid envelopes. Osel-
tamivir (Figure 1), which is a viral neuraminidase inhibitor and used in influenza, can be given as an ex-
ample of antiviral drugs that target the virus. Antiviral drugs targeting the host are used cellular factors
that mediate virus replication. Maraviroc (Figure 1) is a host-targeting drug that targets the cellular CCR5
receptor used in the treatment of AIDS [31].
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Figure 1: The chemical formulas of neuraminidase inhibitors, oseltamivir and zanamivir, and
CCR5 antagonist maraviroc accentuated in the text.

Antiviral Strategies and Targets

The traditional approach of random screening and the subsequent optimization of lead compounds
via systematic chemical synthesis are both resource-wasting and time-consuming [32], so it would be
beneficial to develop different strategies. Some strategies have been developed to find novel antiviral
compounds with new scaffolds and better resistance profile, recently (Figure 2). Application of these
newly developed medicinal chemistry strategies are expected to help to discover potent antiviral agents
against current and future viral pandemics [33]. Some new research strategies which have been devel-

oped recently, are listed as follows:
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Figure 2: Recent strategies in antiviral drug discovery.
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Proteolysis Targeting Chimera (PROTAC)

Targeting PROTAC compounds used the ubiquitin-proteasome system can target degradation of
proteins by promoting and achieving of target proteins [34,35]. PROTACs are hetero-bifunctional mole-
cules containing 3 components: a ligand for the related protein, an E3 ubiquitin ligase recruitment ligand
and a linker. These molecules are tied to the related protein with one end and the other end of PROTACs
is tied to an E3 ligase for targeting to shorten the distance between them in vivo. In the second step, the
E3 ligase provides the transfer of ubiquitin to the related protein, at last the ubiquitylated protein is de-
stroyed by the proteasome [36-38]. PROTAC technology has been used by Yang et al. to develop anti-HCV
compounds thus, these researchers aimed to induce viral proteasome degradation [39]. The PROTAC
molecule linked to the ligand of CRL4CRBN has the ability to induce HCV NS3/4A protease degradation
that contributes to its antiviral activity [40]. Moreover, PROTAC molecules are compounds with low tox-
icity and high selectivity and it can be used in low doses [41].

Ribonuclease Targeting Chimera (RIBOTAC)

RIBOTAC which is a new strategy aims to degrade RNA. This technology transforms RNA-binding
molecules into RNA-degrading molecules to break down the viral genome. For this, a small molecule con-
nects to RNA and activates ribonuclease L (RNase L) [42]. Haniff and co-workers synthesized a series of
small molecules targeting a functional structure inside of the RNA genome of SARS-CoV-2. It was found
that compounds C5 can stabilize the frameshift element and has inhibitory activity on the frameshift abil-
ity of the SARS-CoV-2 frameshift element, considerably. Simultaneously, compounds 39 structure was
changed using RIBOTAC technology and attached to a small molecule that can recruit RNase L to succeed
the degradation of SARS-CoV-2 mRNA [43].

Targeted Covalent Inhibitors

The rational design of targeted covalent inhibitors has largely been realized by improvements in
structural biology and bioinformatics. These inhibitors can form covalent bonds with specific target pro-
teins thus, charges in the conformation of proteins occur; ultimately interferes with the normal function
of the protein [44]. Covalent binding with the target can occur in two ways: the inhibitor can bind to the
target reversibly or the ligand reacts to create a covalent bond with the functional groups in the protein
structure [45,46]. Targeted covalent inhibitors have gained popularity due to their selectivity, and effica-
cy properties in the antiviral field, recently [19].

Emerging resistance associated with the Tyr181Cys (Y181C) mutation in HIV-1 reverse transcrip-
tase enzyme (RT) is one of the biggest problems in the development of nonnucleoside RT inhibitors
(NNRTIs). Covalent inhibitors of Y181C RT that could entirely eliminate activity of the resistant mutant
were discovered. In this study, derivatives carrying groups capable of forming covalent bonds with the
sulfthydryl group of Cys181 such as chloromethylamide and acrylamide have led to the positive results.
This is the first successful application of the irreversible covalent inhibition strategy to HIV-1 RT [47].

Topology-Matching Design

Influenza a virus uses hemagglutinin and neuraminidase to interact between host cells and virion
[48]. The virion of influenza A virus, an enveloped RNA virus, is a nanosized particle of about 100 nm,
topologically [48,49]. It is important to match the size and topology of the virion and nanoinhibitor to
ensure competitive binding with virus/cell interaction using nanoinhibitors [19]. Nie and co-workers
designed a nano-inhibitor with a nano-topological structure matching the influenza A virus virion by us-
ing of “topology-matching design” strategy and succeeded some inhibitory effects on hemagglutinin and
neuraminidase [50,51].

Antiviral Drug Delivery System
Human serum albumin, whose primary function is to act as a transporter of various molecules, is
the most abundant protein in sera [52]. Small molecular drugs bound to human serum albumin by

non-covalent bond are resistant to enzymatic degradation and renal clearance thus, these drugs have
slower clearance and extended their half-life in vivo [53]. The discovery of albuvirtide, an HIV fusion in-
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hibitor, has shown us that targeting human serum albumun is a suitable strategy for the development of
long-acting antiviral drugs [19].

Cholesterol is an abundant substance in the cell membranes of the human body. Modified nucleic
acids and peptides can pass lipid bilayers via cholesterol conjugation and uptake by cells [54]. Targeting
the membrane can be especially reasonable strategy for improving of the antiviral efficacy of neuramini-
dase inhibitors (Figure 1) [55]. It has been found that the conjugate of zanamivir (Figure 1), an antiviral
agent with cholesterol, extended the neuraminidase inhibitor effect of the drug and causes strong activity
against drug-resistant influenza viruses [56].

RNA Interference Application Drugs

RNA interference means stopping expression of the specific gene provided by double-stranded RNA
[57]. Some RNA interference application drugs such as ARB-1467 (Phase II clinical trial), RG-6004 (Phase
I clinical trial), GSK-3389404, and GSK-3228836 (Phase II clinical trial) are currently being developed for
the treatment of chronic hepatitis B [58-60].

3Capsid Protein Assembly Regulators

Hepatitis B virus (HBV) capsid protein assembly regulator can prevent the replication of HBV virus
by devastating the function of the capsid [61]. The HBV capsid can preserve the viral genome encapsulat-
ed in the capsid, and also it supports the reverse transcription of pgRNA to create DNA [62,63]. Het-
eroaryldihydropyrimidines which can increase the hydrophobic interaction between adjacent core pro-
tein dimers are HBV capsid assembly modulators and speed up the degradation of capsid proteins
[64,65]. HBV capsid protein assembly regulators are BAY 41-4109 (first generation), GIS-4 (second gen-
eration, phase I clinical trial), and HAP-R10 (third generation, phase I clinical trial) [66,67].

Drug Combination Therapy
HIV

When left untreated, chronic HIV infections lead to AIDS and the immune system is compromised
[68]. Even now, there is no definitive treatment or vaccine approved for AIDS. Effective suppression of
HIV loads a significant reduction in AIDS and HIV-related mortality have been achieved via therapeutic
improvements. Azidothymidine (AZT, Zidovudine; Figure 3), the first antiretroviral-a nucleoside reverse
transcriptase inhibitor (NRTI), reduced rates of mortality in AIDS patients [69]. Nevertheless, monother-
apy lost effectiveness with the emergence of drug resistance, quickly. Because viral genome mutations
and lack of proofreading often occurs in RNA viruses, HIV mutation rates were high [70]. With the intro-
duction of protease inhibitors (PI) in therapy, the standard treatment for HIV has changed, drastically.
Combination antiretroviral therapy (cART) consisting of two NRTIs and a PI has been accepted as stand-
ard treatment for HIV infections and considerable decreases in HIV infection progression to AIDS and
mortality rates have been achieved with the application of this therapy mode [70-72]. Combination of
two drugs (for example, Dovato and Juluca [Table 1]) can be used in the initial treatment of HIV infec-
tions, too [73]. Considering clinical parameters and contraindications, it is now possible to choose drug
combinations from different US Food and Drug Administration (FDA)-approved antiviral drugs with dif-
ferent mechanism of action. Single pills including drug combinations result in improved clinical outcomes
because patient compliance and treatment adherence rates increased [74,75]. Consequently, HIV has
turned into a manageable disease with cART applications [76].
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Figure 3: Representative examples of NRTIs. Lamivudine is combined with dolutegravir in Dovato.
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Figure 4: Chemical structures of antiviral drugs in combination in Juluca.

Table 1: Approved and tested antiviral drug combinations.

Drug names Disease
Dolutegravir, lamivudine (Dovato) HIV
Dolutegravir, rilpivirine (Juluca) HIV
IFN, RBV HCV
IFN, RBV, Telaprevir/Boceprevir HCV
IFN, RBV, Sofosbuvir/Daclatasvir HCV
Sofosbuvir, Velpatasvir HCV
Glecaprevir, Pibrentasvir HCV

Favipiravir, Oseltamivir Influenza

MEDI8852, Oseltamivir Influenza

Nirmatrelvir, Ritonavir (Paxlovid) COVID-19

Lenacapavir (Sunlenca, Figure 5) is a first-class capsid inhibitor that was approved by the FDA and
European Commission in the second half of 2022 to treat adults with multi-drug resistant HIV infection
[77-79]. Lenacapavir inhibits HIV-1 in picomolar level in vitro. The drug, which can be given orally or
subcutaneously, shows little or no cross-resistance with existing antiretroviral agents. It has extended
pharmacokinetics when administered subcutaneously [80-83]. Lenacapavir, by combined with other
antiretroviral(s), is used in heavily treatment-experienced adult patients who experiencing a failure of
their current therapy because of resistance, intolerance or safety considerations [79,84]. Lenacapavir
inhibits HIV-1 virus by interfering with a number of essential steps of the viral lifecycle [79].
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Figure 5: The chemical structures of newest antiviral agents emphasized in this review.
HCV

It may be possible to treat HCV infections with antiviral agents because HCV viral genome replicates
in the cytoplasm without the need for integration into the host cell [85]. Acute HCV infections can be
eliminated by the immune system. This condition is predicted to occur in ~ 20-30% of infected adults.
Chronic HCV develops in the remaining 70-80% of infected individuals. In the following years, these peo-
ple have a higher risk of developing cirrhosis, liver cancer, and other liver diseases [86]. HCV is associated
with chronic inflammation thus, it rises the risk of developing vascular diseases, insulin re-
sistance/diabetes, and extrahepatic cancers [85].

September - October 2024 RJPBCS 15(5) Page No. 126



ISSN: 0975-8585

We currently do not have an effective vaccine against HCV. Antiviral agents made possible a cure
rate of >95% of HCV infections thus, the risk of death due to HCV-related complications reduced, consid-
erably [87].

For the last 20 years, non-PEGylated and later PEGylated IFN have been used in the treatment of
HCV. The PI ribavirin (RBV, Figure 6) has sometimes been added to this treatment [85]. The cure rate for
the treatment with IFN/RBV (Table 1) did not exceed 50% according as HCV genotypes and other comor-
bidities. At the same time, this therapy mode has led to adverse reactions. In 2011, with the approval of
NS3/4A PIs such as telaprevir (Figure 6) or boceprevir (Figure 6), triple-combination therapy was started
which rose the cure rates to 75% (Table 1) [88]. Cure rates rose drastically to 95% with the use of newer
direct-acting antiviral agents such as sofosbuvir, a HCV NS5B inhibitor (Figure 6), and daclatasvir, a NS5A
inhibitor (Figure 6). Also, no increase in significant adverse effects was noted [85]. Treatment for HCV
using direct-acting antiviral agents is tailored to age, HCV genotype, stage of liver disease, or other un-
derlying conditions. For the simplified initial treatment of drug-naive HCV, two different combinations
can be recommended: a combination of sofosbuvir + velpatasvir (Figure 6) for 12 weeks or glecaprevir
(Figure 6) + pibrentasvir (Figure 6) for 8 weeks (Table 1) [89]. In a recent clinical trial conducted in
drug-naive HCV patients, it was determined that the use of two different three-drug combinations re-
duced the treatment period from 12 to 6 weeks [90]. Hence, combination therapy for HCV resulted in
good efficacy, minimal adverse effects, and the shortening of the treatment duration. Combination thera-
py is also beneficial for drug resistance and HCV infections with other comorbidities. New drug combina-
tions have shown high success rates in HCV patients who have received direct-acting antivirals and
whose disease has relapsed [91-94]. Combination of drugs for HIV/HCV co-infections were tested in clin-
ical trials. HIV suppression and high sustained virological response for HCV provided without major ad-

verse effects [95].
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Figure 6: The chemical structures of PI class of antiviral drugs.
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Influenza

Influenza infections are still common at ~ 1 billion cases worldwide and 650000 people die annu-
ally due to influenza [96]. There are vaccines against influenza, presently. However, these vaccines need
to be modified and administered every year due to often viral mutations. The effectiveness of influenza
vaccines has changed from 19% to 60% [97]. Influenza viruses have rapid mutation properties, which
facilitates drug resistance and necessitates changes in treatment. For influenza infections, there are sev-
eral antiviral drugs available. Between 1980 and 2000, antiviral resistance developed against the ada-
mantane-derived drugs rimantadine and amantadine (Figure 7) [98]. It was known that most influenza
strains are still susceptible to many neuraminidase inhibitors (Figure 1) [96,99], but most of the virus
strains developed resistance to the neuraminidase inhibitor oseltamivir (Figure 1) [99]. Drug combina-
tions can be used to overcome this problem [100]. In a recent study, the combination of favipiravir (Fig-
ure 7) + oseltamivir (Figure 1) was tested against severe influenza in a small cohort of patients (Table 1)
[101]. It was observed that combination therapy might accelerate recovery compared with monotherapy
with oseltamivir (Figure 1), alone. Several monoclonal antibodies were tested in Phase II trial and it was
found that they were safe and could reduce duration of disease in cases of uncomplicated influenza[102-
105]. A combination of monoclonal antibody MEDIB852 + oseltamivir (Figure 1) did not indicate recovery
in clinical outcomes compared with monotherapy with each individual agent in uncomplicated influenza
(Table 1) [103]. On the other hand, this combination has been found to be useful against severe disease or
future resistant influenza strains. Another monoclonal antibody VIS410 is currently being tested as mon-
otherapy or combination in patients with influenza A [106].
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Figure 7: The chemical formulas of amantadine-derived drugs mentioned in this paper and favi-
piravir.

Drug Combination Therapy for Emerging Viral Diseases

Rapid development of antiviral agents is imperative for the treatment of new and emerging infec-
tious diseases. Whereas it takes a long time for new drugs to FDA approval. The discovery of vaccines and
drug combinations containing specific antiviral agents against viral disease caused by HIV, HCV, influenza,
and emergent coronavirus COVID-19 is required. The most important advantage of combination therapy
is to increase the therapeutic efficacy by targeting host cell pathways as well as multiple viral targets.
Thus, it may be possible to reduce drug resistance [20]. Synergistic drug combinations make it possible to
effectively treat diseases with lower doses in the absence of adverse effects. Drug combinations can be
tested directly in the clinic and in vitro screening results can identify effective combinations. For this,
suitable methods are available [107].

Another technique commonly used to identify drug combinations with synergistic activity is matrix
drug combination studies [22,108]. Different reference models are used. Moreover, synergistic and addi-
tive combinations can be specified. Each model introduces unique assumptions and obtained results can
changed with different models used and with input parameters [109].

Current Treatment Options for Emerging Viral Diseases

Ebola virus (EBOV), MERS, and ZIKV infections are currently endemic in some parts of the world
and have not turned into a pandemic. Although some potential treatment options for MERS [110], ZIKV
[111], and EBOV [112] have been identified via drug-repurposing studies, there are currently no drugs
approved for these illnesses. Clinical trials for EBOV treatment are conducted with single drugs rather
than combination of drugs. In late 2020, an Ebola glycoprotein-directed monoclonal antibody was ap-
proved by the FDA for EBOV therapy. Because these antibody treatments are administered intravenously
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and more effective in reducing mortality rates in patients who are not severely ill [113]. WHO recom-
mends strongly for the use of two monoclonal antibody treatments in the treatment of Ebola: mAb114
(Ansuvimab; Ebanga) and REGN-EB3 (Inmazeb) [10]. Though, developing new agents for EBOV therapy is
urgently needed.

After the emergence of COVID-19 in late 2019, three COVID-19 vaccines with the inclusion of two
RNA vaccines (Moderna’s mRNA-1273 and Pfizer's BNT162b2) [114-116], and the single-dose Janssen
vaccine, have been granted Emergency Use Authorization (EUA) by the FDA and other regulatory agen-
cies. These vaccines have played an important role in providing much-needed relief from the COVID-19
pandemic. However, it is unclear how long the vaccines will provide protection against the virus. In some
countries of the world such as the UK, South Africa, and Brazil SARS-CoV-2 variants with mutations in the
spike protein have already been observed [117].

Nirmatrelvir, a SARS-CoV-2 main protease inhibitor (Figure 5) and ritonavir, a HIV-1 protease
inhibitor (Figure 6), and CYP3A inhibitor combination was fully approved by the FDA on May 25, 2023 to
treat mild-to-moderate COVID-19 in adults who are at high risk for progression to severe COVID-19
[84,118,119]. A recent combination for the treatment of COVID-19 (Paxlovid) is the nirmatrelvir +
ritonavir combination (Table 1).

Drug repurposing and repositioning studies have been carried out intensively against COVID-19. At
the time of writing (August 2023), there were 4136 registered clinical trials on ClinicalTrials.gov based on
a search of ‘COVID-19’ with ‘drug’ and 2676 publications for the search term of ‘drug repurposing for
COVID-19’ in PubMed. Remdesivir is the small molecule drug approved by the FDA and other regulatory
agencies for hospitalized COVID-19 patients. Despite all these studies on COVID-19, the success of the
vaccines and drugs obtained is limited so there is urgency to develop efficient therapy options against this
virus.

CONCLUSIONS

Chronic viral infections caused by HIV and hepatitis B, besides the emergence of new viruses (e. g.
EBV, and coronaviruses) demonstrated the need for more innovative strategies for the development of
more potent antiviral agents. In this review, we have defined some recent emerging strategies used for
developing antiviral agents to improve drug resistance and potency. Of these strategies, PROTAC, RI-
BOTAC, targeted covalent inhibitors, topology-matching design, antiviral drug delivery system, RNA in-
terference application drugs, and capsid protein assembly regulators were discussed above. Nevertheless,
there are some limitations about them. When PROTACs are high molecular weight molecules, they can not
cross cell membranes to induce intracellular protein degradation, and limited water solubility arises re-
sulting the low bioavailability. Likewise, the large molecular weights of RIBOTACs and multivalent bind-
ing molecules also create problem. Additionally, covalent inhibitors have potential toxic properties and
some side effects [19].

DNA-encoded chemistry technology [120], genome editing technology [121], nucleic acid aptamer
technology [122], and ligand discovery based on protein self-assembly [123] are also the techniques for
the development of new and potent antiviral agents. For this purpose, natural products obtained from
plants grown in different parts of the world provide an unlimited resource, as well [124,125]. Uncovering
mechanisms such as RNA capping machinery [126], the ubiquitous hydrophobic protein structure (vi-
roporins [127], and host protein involved in viral infection [128] which are found in different viruses and
are likely to be targets for the discovery of new antiviral agents, will also help the development of them.
The use of medicinal chemistry together with bioinformatics and artificial intelligence technology,
high-throughput phenotypic screening and reverse pharmacophore matching virtual screening is useful
to search for new drug indications [19].

Although the treatment of chronic viral diseases such as HIV and HBV has been improved with the
introduction of some newly developed antiviral drugs, a complete cure of these viral diseases has not
been achieved. These diseases, which require long-term drug therapy for their treatments, may cause
epidemics and there is still a possibility of recurrence. Unfortunately, drug resistance remains the biggest
problem in antiviral therapy [129,130]. Now, we have not any effective medications for the treatment of
SARS, MERS, ZIKV, EBOV, and COVID-19. SARS-CoV-2 emerged in the city of Wuhan in China in December
2019 and called as COVID-19 later caused a pandemic that killed millions of people worldwide. The need
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for new antiviral drugs with different mechanisms of action has been more understood with the
COVID-19 outbreak. Unfortunately, we also know that we are not prepared for a new viral pandemic.
When we encounter a new viral pandemic, drug repositioning, prodrug strategy, and natural products
seem to be effective strategies. We hope that the ongoing studies will successfully enable the discovery of
new strategies, and the development of new agents as well as new drug combinations for the treatment of
viral diseases, and thus, cure viral diseases and epidemics in the future.
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